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ABSTRACT
In recent years there has been increased interest in using
SAR to study and monitor glaciers and ice sheets for
glaciological and climate change research. This paper
relates the complex interferometric coherence of land
ice to an extinction coefcient and ground-to-volume
scattering ratio, and validates this model with airborne
PolInSAR data at L- and P-band collected using DLR’s
E-SAR system over the Austfonna ice cap in Sval-
bard, Norway. Observed coherences are compared with
several PolInSAR scattering models including random
volume (RV), random volume under ground (RVuG),
oriented volume (OV) and oriented volume under ground
(OVuG). In all cases the ice volume is approximated as
an innitely thick and uniformly lossy medium.
Model predictions of interferometric coherence using
estimated surface-to-volume scattering ratios and extinc-
tions are validated against observed coherences refer-
enced to corner reectors deployed on the ice’s surface.
Measured and modelled phase centres were found to be
in agreement within a few metres. The distribution of
complex coherences on the unit circle suggests a pos-
sible oriented volume under ground (OVuG) scattering
scenario for a signicant portion of L-band PolInSAR
observations in the ablation zone, although a limited
observation space does not allow us to reach any rm
conclusions regarding model suitability at P-band.
1 INTRODUCTION
The last decade has seen an increasing demand for ac-
curate and wide-coverage monitoring of glaciers and ice
sheets in order to measure and predict their response to
global climate change and their contribution to sea level
rise. This in turn requires a greater understanding of
their properties including topography, velocity, melting
and accumulation rates, and internal structures.
SAR (Synthetic Aperture Radar) is a powerful remote
sensing tool with which to measure glaciers due to its
high spatial resolution and wide coverage, and its ability
to penetrate beneath the ice’s surface to observe sub-
surface structures. However, SAR backscattering from
ice remains poorly understood. The relative importance
of scattering from the air/snow and snow/ice interfaces,
from internal layers and structures in the rn, and from
individual ice particles is unclear, as well as the depen-
dence of the land ice radar signatures on frequency and
glacier facie. Few models address the interferometric co-
herence as an observable, and the greatest focus to date
has been on modelling single-polarisation backscattering
coefcients.
Interferometric coherence magnitudes at C-band were
modelled in [1] by means of ERS-1/2 data, although
only a single polarisation was available, and validation
was hampered by both a lack of surface reectors (pro-
viding reference heights) and by an unknown temporal
decorrelation component. First attempts at modelling
PolInSAR observables at C- and L-band over ice were
given in [2], although no satisfactory and physically-
realistic model was found to explain the observed co-
herences.
The objective of this paper is to relate the complex inter-
ferometric coherence of land ice to a set of parameters
and to validate this model with airborne PolInSAR data.
Section 2 reviews several PolInSAR scattering models
including random volume (RV), random volume under
ground (RVuG), oriented volume (OV) and oriented
volume under ground (OVuG) adapted to a glacier ge-
ometry. Section 3 describes the test site and experimental
data. Sections 4 and 5 model coherence magnitude and
complex coherence respectively, using both simulations
and analysis of experimental data. Model predictions
are validated using observed coherences referenced to
corner reectors deployed on the ice’s surface.
2 COHERENCE MODELS FOR LAND ICE
In the following we review a few simple single- and
dual-layer scattering models relating the complex inter-
ferometric coherence to geophysical ice parameters. The
models are similar to the oriented volume and random
volume over ground models proposed in [3][6], but are
adapted to a glacier geometry which differs from the
vegetation scenario in that:
1) At microwave wavelengths glaciers can be consid-
ered innitely thick [1], [2].
2) Surface scattering (if signicant) occurs at the top
of the volume, whereas in the forest scenario the
ground lies at the bottom of the forest volume [2].
3) Upon entering the ice medium the wavelength
is reduced by a factor of
√
ε (where ε is the
permittivity) and refraction changes the incidence
angle from θ to θr according to Snell’s law.
In the following analysis, we consider models char-
acterised by different combinations of ice properties,
namely:
• polarimetric dependency of propagation (corre-
sponding to a random or an oriented volume)
• surface contribution (negligible or signicant)
With these properties, four models can be dened in
terms of their volume isotropy and surface contribution
[2]:
• Random Volume model (RV)
• Oriented Volume model (OV)
• Random Volume under Ground model (RVuG)
• Oriented Volume under Ground model (OVuG)
The following sections derive a general coherence ex-
pression to represent these models, beginning with a
volume-only scenario in section 2.1 and a coupled
ground/volume scattering scenario in section 2.2
2.1 Coherence from an ice-volume
As in [1] we model the ice volume as a semi-innite
half-space consisting of a uniform distribution of scat-
terers with dielectric constant
√
ε. The volume extends
from the surface (located at z = 0) downwards with
radar viewing geometry given in Fig.1. The two anten-
nae are separated by baseline B (with component B⊥
perpendicular to the line-of-sight) and observe a point on
the ground at incidence angle θ. As the EM wave enters
the snow, it is refracted at an angle θsnow to the vertical,
and is refracted once more to θr in the ice volume. The
difference in look angles from each antenna is ∆θ in air
and ∆θr in the volume (not shown in the diagram), and
dsnow and dpen are the snow depth and penetration depth
in the ice volume, respectively. The principle InSAR
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Fig. 1: InSAR geometry (not to scale) for penetration in glacier
ice assuming a uniform volume with dielectric constant
√
ε.
observable is the complex coherence γ (see e.g. [7],
[8]). Assuming that the sources of decorrelation are
statistically independent [9], we can describe the total
observed complex coherence as the product of several
components:
γtotal = e
−jφ0 · γvol · γrange · γSNR, (1)
where φ0 is the topographic phase, γvol is the volumetric
decorrelation, γrange is the spectral range decorrelation
due to slightly different look angles between the master
and slave antennae, and γSNR is the signal-to-noise
ratio (SNR) decorrelation. It is assumed that there is no
temporal decorrelation since the time interval between
passes in the experimental data were relatively short at
15 minutes, and that any decorrelation from processing
errors (e.g. coregistration, quantisation) is small relative
to other sources of decorrelation.
We would like to isolate the volumetric coherence due to
its sensitivity to the geophysical parameters of the glacial
volume. Assuming the surface to be at and the RCS
(radar cross section) to vary only with depth within the
coherence window (i.e. RCS σv(x, y, z) = σv(z)), we
can separate the decorrelation sources in the y (range)
and z (vertical) dimensions and write Eq. 1 as [1], [10]:
γtotal = e
−jφ0 ·
∫
σv(z)e
−jkzvolzdz∫
σv(z)dz
·
∫ |Wrng(y)|2e−j∆kyydy∫ |Wrng(y)|2dy ·
1
1 + SNR−1
, (2)
where Wrng(y) is the range impulse response, σv(z) the
volumetric RCS vertical structure function, SNR is the
signal-to-noise ratio, and ∆ky and kzvol are the ground
range wave number difference and vertical wave number
in the volume dened, respectively, as:
∆ky =
4pi
λ
cos θ∆θ (3)
kzvol =
4pi
√
ε
λ
∆θr
sin θr
(4)
= kz
√
ε
cos θ
cos θr
.
where kz = (4pi∆θ)/(λ sin θ) is the vertical wave
number from e.g. [5]. Assuming that the volume con-
sists of uniformly distributed and uncorrelated scattering
centres, there is constant extinction such that the vertical
structure function σv(z) from the volumetric coherence
term (rst integral in Eq. 2) is an exponential:
σv(z) = σ
0
ve
2zκe
cos θr , (5)
where σ0v is the averaged RCS per unit volume and κe is
the extinction coefcient in units of m−1. The extinction
coefcient may also be expressed in terms of the pene-
tration depth at which the one-way backscattered power
falls to 1/e given by [11]:
κe = − cos θr/dpen, (6)
where the cos θr factor accounts for the off-vertical
travel distance of the wave within the medium.
Substitution of Eq. 5 into the volumetric coherence
equation (rst integral of Eq. 2), and evaluation of the
integral for limits −∞ < z < 0 yields a complex
volumetric coherence of:
γvol =
1
1 + j cos θrkzvol2κe
. (7)
Volume orientation manifests itself in the coherence
equation with a polarisation dependency of the extinc-
tion parameter κe(~w), where ~w is a three-component
unitary complex vector dening the polarisation state.
2.2 Coherence from an ice-volume/ground scenario
We now consider a ground scattering contribution in
addition to scattering from the ice volume. The surface
scattering contribution is introduced by the surface-to-
volume scattering intensity ratio m given by:
m(~w) =
mg(~w)
mvTs,i(~w)Ti,s(~w)
, (8)
where mg is the ground scattering intensity, mv the
volume scattering intensity, and Ts,i and Ti,s the snow-
ice and ice-snow transmissivities (the fraction of trans-
mitted incident radiation). Since snow is widely assumed
to be transparent at the microwave wavelengths under
consideration, we assume full transmission of the signal
at the air-snow interface. Note that m(~w) is polarisation
dependent.
Let γz represent the coherence from a combination of
volume scattering with complex coherence γvol and a
surface scattering component whose strength is deter-
mined by the positive scalar m. After correction of SNR
and range spectral decorrelation the complex coherence
is given as [2]:
γz(~w) = e
−jφ0
γvol(κe(~w), ε) + m(~w, ε)
1 + m(~w, ε)
. (9)
Eqn. 9 is our fundamental modelling equation with
unknowns φ0, κe(~w) and m(~w), and observables γz(~w),
where one complex coherence γz(~w) is available for
each interferometric baseline.
3 EXPERIMENTAL DATA
3.1 Test site
The test sites lie on the island of Nordaustlandet in
northeastern Svalbard, Norway (∼79-80◦N, 20-27◦E) in
the subpolar glacial regime [12]. Two sites were over-
own, one near the summit of the Austfonna ice cap, the
largest ice cap in the Eurasian Arctic [13], and one over
the Etonbreen drainage basin, an outlet glacier of the ice
cap. These sites are subsequently referred to as ‘Summit’
and ‘Glacier’, respectively. The Summit test site lies
in the accumulation zone and Glacier in the ablation
zone, and therefore different vertical ice structures are
possible. Topography is very gentle with surface slopes
of generally less than 1◦ at both sites, although while
the surface of Summit was essentially featureless, the
Glacier test site exhibited small topographic undulations.
3.2 SAR data and ground measurements
The SAR data were obtained as part of the SVALEX
(SVALbard airborne EXperiment) in April 2005, a joint
project of the Microwaves and Radar Systems Institute
of the German Aerospace Center (DLR) and the Alfred-
Wegener Institute (AWI). Single-pass X-band data at VV
polarisation and repeat-pass fully-polarised L-band (1.3
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Fig. 2: P-band Summit (a-c) and Glacier (d-f) data at HH polarisation, where coherence measures are for a 15 m baseline. Flight
(azimuth) direction is from bottom to top.
GHz) and P-band (350 MHz) data were collected using
DLR’s E-SAR (Experimental SAR) system. Repeat-
passes were own at nominal baselines of 5, 10 and
15 m at an aircraft altitude of 5.5 km. Incidence angles
varied from 25-50◦ and the data have a slant-range
resolution of 1.5 m and an azimuth resolution of 0.67 m
(L-band) and 2.0 m (P-band). This analysis concentrates
on the L- and P-band fully polarimetric data. P-band
intensity, coherence magnitude (after correction of γSNR
and γrange) and kz images for both the Summit and
Glacier test sites are shown in Fig.2.
For calibration purposes and to determine the location
of the ground surface, several corner reectors and an
approximately 200-m-long wire were deployed directly
on the surface of the ice. Also required for use of
the model in Eq. 9 is an estimate of the dielectric
permittivity ε which was computed from an empirical
relation to rn density [14]. An approximate rn density
of ρfirn = 0.8 g/cm3 (the mean of a 16 m ice core
extracted near the Summit area) yielded permittivity ε =
2.8. This value is assumed throughout for all simulations
and experimental data. The angle of refraction in the
volume θr was determined from successive application
of Snell’s law to a signal propagating through the air-
snow and snow-ice interfaces, where a permittivity of
εsnow ' 1.7 was assumed based on a snow density of
0.4 g/cm3 [15], [16]. In section 4.2.1 a snow depth of 1
m is assumed based on the average depth to the previous
summer ice surface from two snow pits at the test sites.
4 MODELLING COHERENCE MAGNITUDE
Initially we consider only the magnitude of the coher-
ence, as in previous studies of InSAR data over land
ice [1], [10]. Taking the absolute value of complex
coherences in Eqs. 7 and 9 yields coherence magnitudes:
|γvol(~w)| = 1√
1 +
(
cos θrkzvol
2κe(~w)
)2 (10)
and |γz(~w)| =
∣∣∣∣γvol(~w) + m(~w)1 + m(~w)
∣∣∣∣ . (11)
Simulations of coherence magnitude and comparisons
of modelled results with experimental data are given in
sections 4.1 and 4.2.
4.1 Coherence magnitude model simulations
Simulations both with and without a ground contribution
(0 ≤ m ≤ 2) and with varying extinction coefcients
(0.1 ≤ κe ≤ 0.5 dB/m) were carried out. Little is
available in the literature as to realistic values for these
parameters at L- and P-band, although at C-band values
on the order of κe ≈ 0.4 dB/m (corresponding to
penetration depths on the order of 20 m) have been
reported in [1], [10], [14], [17] for dry rn and snow
Fig.3(a) graphs the volume only scenario (m = 0) from
Eq. 10 for various extinction coefcients κe and varying
kz (Eq. 4) from 0 to 0.5. Low coherence magnitudes are
seen for increasing kz, although larger extinctions result
in a shallower penetration depth, and thus less volume
decorrelation resulting in higher coherence magnitudes.
In Fig.3(b) the extinction is xed at κe = 0.3 dB/m
and the coherence magnitude as a function of kz is
plotted for several ground-to-volume scattering ratios m.
It is seen that an increasing ground contribution raises
coherence magnitudes, with this effect being particularly
pronounced at higher kz values.
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(b) Coherence magnitude |γz | versus kz for varying ground
contribution 0 ≤ m ≤ 2 and constant extinction κe = 0.3 dB/m.
Fig. 3: Simulated coherence magnitudes for (a) volume with
varying extinction coefficients κe and (b) volume with ground
contribution for various surface-to-volume scattering ratios m.
4.2 Coherence magnitude model applied to experi-
mental data
We now t observed coherences magnitudes from exper-
imental data to the model described by Eq. 11. As in the
simulations, we plot |γz| versus |kz| for a single azimuth
angle. A single θ is plotted in order to obtain a unique
mapping between |γz | and |kz |, and absolute kz values
are used since at the smaller 5 m baselines the aircraft
ight-tracks sometimes crossed one another. Variation
in kz is obtained from baseline-diversity (nominal 5, 10
and 15 m baselines) as well as from the variable ight
tracks. L-band HV coherences at all baselines for an
azimuth strip along θ = 35◦ at the Summit and Glacier
test sites are shown in Fig.4. Various combinations of
baselines were formed from four parallel ight tracks
and are labelled e.g. ‘B=5.0’ for a nominal 5 m baseline
between tracks 0 and 1, and ‘B=5.1’ for a nominal 5 m
baseline between tracks 1 and 2.
Non-linear least-squares (applying the Levenberg-
Marquardt technique) is used to determine the best-t
κe and m parameters of the model in Eq. 11 to the
data. The solution is constrained such that κe ≥ 0
and m ≥ 0. Modelled |γz| derived using the best-t
parameters to Eq. 11 are shown in solid black in Fig.4.
Estimated κe and m parameters at θ = 35◦ at different
polarisations and test sites, as well as the R2 values
(coefcients of determination) for L-band are given in
Table 1. Unfortunately there was insufcient kz diversity
in the P-band data to draw any meaningful conclusions
regarding the model suitability. This low kz diversity
is seen in Fig.2), in which kz varied from only 0 to a
maximum of 0.05 at θ = 35◦.
TABLE 1: Best-fit extinctions (κe, dB/m) and ground-to-
volume scattering ratios (m) to Eq. 11 at θ = 35◦, as well
as R2 values of the fit.
Summit Glacier
HH VV HV HH VV HV
κe 0.59 0.61 0.40 0.51 0.58 0.43
m 1.1 0.9 0.2 0.0 0.0 0.0
R2 0.91 0.92 0.96 0.83 0.83 0.80
In general there is a good t of the model to the data with
R2 values greater than 0.9 at Summit. As seen from the
backscattering images from Fig.2, the Glacier test site
is much more inhomogeneous than Summit, resulting
in increased scatter in the coherences and lower R2
values, although the model still provides a reasonable
t. The ground contribution at Glacier from the model
is negligible, which may be due to a smoother snow-ice
interface (resulting in increased specular reection) as it
is part of the ablation zone whereas Summit lies in the
accumulation zone. L-band extinction coefcients were
on the order of 0.4-0.6 dB/m which are similar to results
at C-band from Greenland and Antarctica [1], [10],
[14], [17] measured under different ice conditions as
the Svalbard data. It is possible that structures in the ice
and increased densities at shallower depths in Svalbard
glaciers compared with central regions of the large ice
sheets (which undergo less melt metamorphosis) may
explain the relatively high extinction coefcients at low
frequencies.
4.2.1 Validation with ground reectors: The coherence
magnitude model may also be validated by comparing
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(a) Summit results with best-fit m = 0.2, κe = 0.40 dB/m.
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Fig. 4: L-band HV coherence magnitudes and standard devia-
tions along azimuth line θ = 35◦. The best-fit model (Eq. 11)
to the data is shown in solid black.
modelled phase centres to phase measurements refer-
enced using ground reectors deployed on the ice. For
L-band, pixels within ±80 m of a corner reector (CR)
at the Glacier test site were used in the least-squares
t giving a κe of 0.33 and 0.35 dB/m at HH and VV
respectively, and m = 0 for both polarisations (only
co-pol channels were considered since the CR is not
visible at HV). As there is no ground contribution we
convert κe to penetration depth dpen by using Eq. 6,
and adjust the depth to correspond to the 50% two-
way power (i.e. phase centre) where dmodel (50%, 2-way
power) = dpen ln 0.5/2.
The phase centres of the complex coherences were
computed by subtracting the mean coherence phase
evaluated in an area surrounding the CR by the inter-
ferometric phase at the CR, followed by division by
kzvol to give d∆φ. In the previous step a phase bias
from the overlying snow cover was removed to bring
the reectors down to the snow-ice rather than air-snow
interface.
At P-band a wire rather than a CR was available, and
due to its horizontal orientation it was only visible
at HH. As mentioned above, there was insufcient kz
diversity in the P-band data to apply a least-squares t
and therefore m was set to zero for inversion of Eq. 11,
yielding κe and thus dmodel. The modelled depths from
each baseline were averaged together to obtain a single
value. The phase centre was determined using the same
procedure as at L-band, where the brightest point on
the wire (with the highest backscatter) was used for
reference. One problem with the wire is that it had a
width of only a few cm, such that a given resolution
cell contains contributions from the ice as well as the
wire, and thus the measured phase centre may be biased.
The modelled and measured phase centres at L- and
P-band for the Glacier test site are shown in Table 2,
where the measured phase centres are the average of d∆φ
values at all baselines. There is very good agreement
at L-band with a phase centre of ∼-8 m, although as
expected at P-band, the measured phase centre of -15 m
is shallower than the modelled value of -17m, likely for
the reasons explained above.
TABLE 2: Phase centres computed from the coherence mag-
nitude model (dmodel, corresponding to 50%, 2-way power)
and from phase differences to ground reflectors d∆φ at the
Glacier test site.
L-band P-band
HH VV HH
dmodel [m] -8.4±1.5 -7.9±1.3 -17.0±5.0
d∆φ [m] -8.2±1.8 -7.3±1.8 -14.8±3.3
5 MODELLING COMPLEX COHERENCE
Although the t between the observed and predicted
coherence magnitudes in the previous section were quite
good, this modelling strategy can be problematic for
several reasons. Firstly, it requires large baseline diver-
sity and homogeneous terrain, such that values over a
range of azimuth pixels can be described by the same
m and κe parameters. As well, coherence magnitudes
can be very sensitive to additional uncorrected sources
of decorrelation in the data. For these reasons we look
to the additional information provided by complex co-
herences, available on a sample-by-sample basis without
an assumption of homogeneity.
5.1 Complex coherence simulations
A useful visualisation of complex coherence is on the
unit circle, where the x-y axes are the real and imaginary
parts of the coherence, the distance from the origin
represents coherent magnitude and the angle from 0◦
is the interferometric phase. A theoretical ground point
(e.g. corner reector) with arbitrarily chosen topographic
phase φ0 = 0 is located at 1 + 0j. To understand the
complex coherences predicted from the various models
in section 2 we plot theoretical curves on the unit
circle corresponding to various extinctions and ground-
to-volume scattering ratios. The simulated coherences
for a random volume under ground (RVuG) and an
oriented volume under ground (OVuG) with kz varied
from 0 to 0.5 are shown in Figs. 5(a) and 5(b), where the
models reduce to the random volume (RV) and oriented
volume (OV) scenarios for the m = 0 curves. The
difference between a RV and an OV is that in an oriented
volume the extinction is polarisation-dependent.
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(a) Complex coherences on the unit circle for a RVuG
scenario with varying ground contributions 0 ≤ m ≤ 2
and fixed extinction κe = 0.3 dB/m.
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(b) Complex coherences on the unit circle for an OVuG
scenario with both varying extinctions 0.1 ≤ κe ≤ 1.3
dB/m and ground contributions 0 ≤ m ≤ 2.
Fig. 5: Simulated complex coherences for a (a) RVuG scenario
(b) OVuG scenario. The red triangle represents a theoretical
ground point at 1+0j, and the diamonds are coherence values
for kz = 0.1.
In the case of a RV or an OV all coherences lie on
a semi-circle centred at 0.5 + 0j with radius 0.5. The
addition of a non-zero ground contribution (applica-
ble to RVuG and OVuG models) increases coherence
magnitudes, shifting the coherence curves closer to the
theoretical ground point. To generate RVuG coherences,
the extinction κe is xed for all polarisations, although
m(~w) is allowed to vary with polarisation. One inter-
esting geometrical property of RVuG coherences is that
they form a line passing through the ground point ejφ0 ,
illustrated in Fig.5(a). However, in an OVuG scenario,
where both κe(~w) and m(~w) vary with polarisation, the
coherences do not lie on a line. If a best-t line through
the coherences is drawn (as a potential test for an RVuG
scenario) it is seen from Fig.5(b) that it does not pass
through the ground point, and as opposed to the RVuG
case such a line has no physical meaning.
5.2 Complex coherence models applied to experi-
mental data
Observed values of complex coherence referenced to
ground reectors are compared against the coherence
models described in the previous section. Characteristics
such as the location of the coherences in relation to the
ground topography point, and the spread and variation
in coherence amplitude and phase may give an indica-
tion of an appropriate coherence model to interpret the
obtained PolInSAR signatures.
The interferometric reector phase (taken as the average
of the 2 co-pol phases at L-band, and as the HH phase
at P-band) was subtracted from the complex coherences
of pixels lying near the reectors in order to place the
surface point at 1 + 0j. As described in section 4.2.1,
the snow phase bias is removed from the data and kzvol
and θr values take into account propagation through an
overlying winter snow cover. Examples showing both
coherences in the linear polarisation basis and the coher-
ence boundary region (see [18]) are provided in Fig.6 for
one L-band and one P-band pixel. The ground reectors
are represented by triangles, where their coherences
are computed using a smaller [3x3] coherence window
than for the ice data. This spatial averaging introduces
coherence magnitudes slightly less than unity and small
phase offsets from the interferogram value at the peak
corner/wire pixel, but they serve as a useful reference
for the other coherences.
We now compare each of the four models to the
coherences from the experimental data at a single kz
value. In a RV scenario, all coherences collapse or
cluster at a single point since there is no polarisation-
dependency on extinction. However, in the experimental
data from Fig.6 there is a clear spread of coherences with
polarisation at both frequencies. In the case of an OV
the coherences should lie on or near a semi-circle with
radius 0.5 passing through the origin and the ground
point. This model also seems not t the data, with γHH
at L-band and γHV at P-band lying distinctly below
such a semicircle. If an RVuG model were to apply,
the major axis of the coherency boundary ellipse should
pass through the ground point, but it is evident from
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(a) L-band Glacier near CR, B=5 m, kz = 0.09.
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(b) P-band Glacier near wire, B=15 m, kz = 0.05
Fig. 6: Complex coherences from L- and P-band Glacier data
referenced to ground reflectors, whose coherences are given by
the triangles. Polarisations in the linear basis and the coherence
boundary regions are plotted. Also indicated are the major axes
of the coherence boundary ellipses.
both plots that this is not the case. This leaves us with
the most general OVuG model as a possible candidate.
For the OVuG model to apply - as we have dened
it (i.e. assuming an innite and uniform volume) - the
coherence phases must lie between 0 and 90◦ and the
coherence point must fall within the semicircle dened
by 0.52 = Re{γz}2 + Im{γz}2 for Re{γz} ≥ 0 and
Im{γz} ≥ 0, as demonstrated in the simulations from
Fig.5. For the L-band example provided in Fig.6(a) the
three linear polarisations and nearly the entire coherence
region lies within this semicircle, although for some
neighbouring pixels (not shown), the coherences lie pre-
dominantly outside these bounds. Residual decorrelation
and noise effects could shift coherences and articially
expand the boundary ellipse, although it is assumed that
these effects have been compensated. At L-band between
30-50% of pixels in a 60mx60m area surrounding the
corner satised the OVuG criterion for the linear polar-
isation basis (results varied with baseline), although at
P-band only 5% of pixels met the criterion. Thus, while
OVuG may be useful in describing a portion of ablation
zone land ice PolInSAR observables at L-band, it is
unable to explain all observed coherences, particularly at
P-band. However, the inconsistency between model and
data could lie in a non-optimally sampled observation
space, i.e. with P-band kz values outside the region of
sensitivity to vertical structure, and thus at this time we
are unable to draw any rm conclusions regarding model
suitability.
6 SUMMARY
In this paper we have adapted single- and two-layer
PolInSAR models to a glacier geometry. It was found
that modelled coherence magnitudes provide a reason-
able match to experimental data at multiple polarisations
at L-band, although there was insufcient kz diver-
sity at P-band to draw conclusions regarding model
suitability. Although useful for verifying the validity
of the underlying coherence model, this technique is
generally unsuitable for inversion due to the requirement
of homogeneity in azimuth and high kz diversity, and the
method is sensitive to decorrelation effects.
The data exhibit polarimetric interferometric effects in
the sense that the amplitude as well as the phase of the
complex coherence depends on the polarisation. Com-
plex coherences were examined and their locations were
referenced to ground reectors to evaluate the suitability
of the proposed coherence models. Although modelling
of PolInSAR data for land ice is still at a relatively early
stage of development, initial results indicate a possible
Oriented Volume under Ground (OVuG) scenario for
L-band data from the ablation zone, although not all
coherence data are consistent with such a model and
not all lie within the required semicircle assuming a uni-
form innite volume. As demonstrated with modelling
of coherence magnitude, the interferometric coherence
behaviour can be described with a simple two-layer
model, although a polarimetric interpretation of the data
has not yet been established. Future work will focus on
investigating the t of the models at the Summit test
site and exploring other possible representations of the
vertical structure variation in land ice and the resulting
complex coherence observables.
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